Purpose The purpose of this study was to compare the clinical and functional outcomes in patients with primary base of tongue (BOT) cancer who received definitive radiotherapy (RT) or surgery followed by radiotherapy (SRT).
Introduction
Until recently, the treatment of base of tongue (BOT) cancer has been a challenge for head and neck surgeons, radiation oncologists, and medical oncologists. Patients with this cancer are often diagnosed in advance stages because of its ambiguous symptoms [1] . In cases of radical surgery, serious functional impairment occurs in the majority of cases; even after radical resection, the recurrence rate is high [2, 3] .
The current standard for treatment of BOT cancer is either surgery or definitive radiotherapy (RT) with or without concurrent chemotherapy [4, 5] . However, no published randomized studies have directly compared the efficacy of these treatment options due to the low incidence rate of BOT cancer. Therefore, the treatment method is determined according to the preference of the patient and the physician considering the cancer stage, possibility of complete excision, and functional loss expected after treatment.
There have been considerable advances in RT and surgical techniques and both treatments are expected to provide better results [6, 7] . In this context, research is needed to determine the optimal treatment for primary BOT cancer. The purpose of this study was to compare the clinical and functional outcomes in patients with BOT cancer who received either definitive RT or surgery followed by postoperative RT (SRT).
Materials and Methods

Patients
Data from a total of 139 consecutive patients who received definitive RT or postoperative RT after primary surgery for BOT squamous cell carcinoma between January 2001 and December 2016, were retrospectively reviewed. Patients with double primary cancer (n=4), distant metastasis (n=1), re-irradiation (n=2), incomplete RT (n=5), histologic type other than squamous cell carcinoma (n=22), or without image follow-up (n=3) were excluded, leaving 102 patients included in the analyses. Pretreatment evaluation, including a complete history and physical examination, endoscopic examination, computed tomography (CT), and magnetic resonance imaging was performed for every patient. Patients were staged according to the 2010 American Joint Committee on Cancer criteria (7th edition). Patients treated with definitive RT were staged clinically, whereas those with primary surgery were staged both pathologically and clinically.
Treatments
When selecting the optimal treatment strategy in our institution, clinicians consider the tumor extent and location; pharyngeal function; and patient age, medical co-morbidities, and preferences. As a result, 56 patients received surgery followed by postoperative RT (SRT group), while 43 patients were treated with definitive RT (RT group).
The surgical techniques included local or composite resection either by open approaches or by transoral robotic surgery (TORS) using da Vinci Robot (Intuitive Surgical Inc., Sunnyvale, CA). In those who received surgery, neck dissection was performed on the involved side or both sides of the neck.
In every patient, CT-based RT planning was used and RT was performed using either 3-dimensional conformal RT or intensity-modulated RT (IMRT). The median RT doses were 63 Gy (range, 52 to 68.4 Gy) and 70 Gy (range, 63 to 76 Gy) for the SRT and RT groups, respectively. The RT field was defined as the primary tumor with sufficient margins and both sides of the neck. Gross tumors or involved lymph nodes were treated with 66-70 Gy, postoperative tumors or nodal beds with 60-66 Gy, involved nodal stations with 60-63 Gy, and uninvolved nodal stations with 45-50 Gy.
Concurrent chemotherapy was performed with either cisplatin or cetuximab-based regimens. The induction chemotherapy regimen consisted of the combination of docetaxel, cisplatin, 5-fluorouracil, or titanium silicate-1, and cisplatin.
Outcome assessment
Patients without follow-up imaging were censored from the analysis. Treatment failures were defined as persistent or recurrent loco-regional disease or distant metastases. The date of tissue confirmation or imaging study showing evidence of failure was considered the date of failure. Acute toxicities were defined as adverse events occurring within 90 days from the start of treatment, while late toxicities were defined as those observed at least 90 days after the start of treatment. The severity of toxicities was scored using Common Terminology Criteria for Adverse Events (CTCAE) ver. 4.0 and toxicities  grade 3 were recorded. Among late toxicities, dysphagia and voice alteration  grade 3 were considered functional defects. The grades of dysfunction in swallowing and speech were based on both clinician and patient assessments and, if available, referred to the result of verbal function tests such as the Korean version of the Boston Naming Test (K-BNT) or Motor Speech Treatment Protocol (MSTP). For patients developing subjective swallowing difficulty, the swallowing test was performed with video esophagofluoroscopy under the category of pharyngeal phase and the presence or absence of aspiration.
Statistical analysis
Statistical analysis was performed using IBM SPSS Statistics for Windows ver. 23.0 (IBM Corp., Armonk, NY). The differences in characteristics and toxicities between the two groups were compared using chi-square tests, and linearby-linear association analysis was performed to calculate the linear relationship for more than two groups. We calculated survival time from the date of diagnosis until death or the most recent follow-up date. Survival curves were estimated using the Kaplan-Meier method and were compared using log-rank tests. Cox proportional hazards models were used to assess the association of variables with survival. p-values less than 0.05 were considered statistically significant. Values are presented as number (%) unless otherwise indicated. SRT, surgery followed by radiotherapy; RT, definitive radiotherapy; ECOG PS, Eastern Cooperative Oncology Group performance status; RT dose, radiotherapy dose; RT modality, radiotherapy modality; 3D CRT, 3-dimensional conformal radiotherapy; IMRT, intensity-modulated radiotherapy. Table 1 shows the patient and treatment characteristics. The median age of the patients was 58 years (range, 36 to 96 years). A total of 92 patients (90.2%) had stage III-IV disease, with 47 (46.1%) having T3-4 and 87 (85.3%) having nodal positive (N1-3) disease. p16 expression status was available in 58 patients (56.9%). Among these, 41 (70.7%) had p16-positive and 17 (29.3%) had p16-negative tumors.
Results
Patient and treatment characteristics
The characteristics that differed by treatment group included sex, initial Eastern Cooperative Oncology Group performance status (ECOG PS), T stage, RT dose, and chemotherapy. More patients in the RT group were male (91.3% vs. 76.8%, p=0.050), ECOG PS  2 (17.4% vs. 3.6%, p=0.040), had T3-4 disease (58.7% vs. 35.7%, p=0.021), and received concurrent chemotherapy (91.3% vs. 37.5%, p < 0.001) compared to the SRT group. The mean RT dose was higher in the RT group (69.0 Gy vs. 61.5 Gy, p < 0.001). The other characteristics were well balanced between the two groups.
A total of 56 patients received surgery on the primary tumor. Among these, 20 (35.7%) were treated via TORS and five (9%) underwent total glossectomy. Bilateral (n=24) or ipsilateral (n=36) neck dissection was performed in 60 patients, including those with elective neck dissection after definitive RT (n=5).
Survival outcome and prognostic factors
At a median follow-up of 36.9 months (range, 3.3 to 181.5 months), the overall Kaplan-Meier estimations of the 5-year overall survival (OS) and disease-free survival (DFS) rates for all patients were 75.5% and 68.7%, respectively ( Fig. 1) . In univariate analysis, performance status (OS, p=0.010; DFS, p=0.014), T stage (OS, p=0.022; DFS, p=0.005), RT modality (OS, p=0.005; DFS, p=0.006), and p16 expression (OS, p=0.003; DFS, p < 0.001) were identified as prognostic factors related to both OS and DFS (Table 2 ). In multivariate analysis, p16 expression was an independent factor for both OS and DFS (p16-negative vs. p16-positive; OS: hazard ratio [HR], 0.145; 95% confidence interval [CI], 0.025 to 0.853; p=0.033; DFS: HR, 0.164; 95% CI, 0.045 to 0.598; p=0.006) ( Table 3) .
Outcome comparisons according to treatment group
There were no significant differences in the 5-year OS (68.7% vs. 80.5%, p=0.601) and DFS (63.1% vs. 73.1%, p=0.653) between treatment groups (Fig. 2) .
In the subgroup analysis of T3-4 patients, the 5-year OS (58.1% vs. 64.9%, p=0.906) and DFS (48% vs. 63.5%, p=0.958) showed no significant difference according to the treatment group (Fig. 3) .
Data were analyzed separately for 38 patients with p16-positive disease. There was no significant difference in the 5-year OS (100% vs. 93.8%, p=0.342) and DFS (90% vs. 88%, (Fig. 4) .
Patterns of failure
During the follow-up period, treatment failure occurred in 10 and 13 patients in the RT and SRT groups, respectively. Table 4 shows the patterns of failure and outcomes of salvage treatment among the patients who experienced local and/or regional failures. Among eight failures in the RT group, only one patient received re-irradiation with concurrent chemotherapy; two were salvaged with neck dissection and two with chemotherapy as the sole treatment. All of these patients died of disease (survival after recurrence, 3 to 15 months) except for one patient who was successfully salvaged with neck dissection (survival after recurrence, 4 months). Among six failures in the SRT group, three patients were salvaged with chemotherapy or re-irradiation and two underwent surgical resection of recurrent primary tumors. Four of those who received salvage treatment died of disease progression (survival after recurrence, 3 to 16 months) and Table 2 . Univariate analysis for OS and DFS OS, overall survival; DFS, disease-free survival; HR, hazard ratio; CI, confidence interval; ECOG PS, Eastern Cooperative Oncology Group performance status; SRT, surgery followed by radiotherapy; RT, definitive radiotherapy; RT dose, radiotherapy dose; RT modality, radiotherapy modality; 3D CRT, 3-dimensional conformal radiotherapy; IMRT, intensity-modulated radiotherapy.
another died of bleeding after salvage surgery (survival after recurrence, 3 months).
Toxicities and functional outcomes
The complications requiring surgical intervention are described in Table 5 Table 4 . Failure patterns and outcomes of salvage treatments M, male; N/A, not available; CCRT, definitive concurrent chemoradiotherapy; IMRT, intensity-modulated radiotherapy; R, regional failure; DOD, died of disease; RT, definitive radiotherapy; 3D CRT, 3-dimensional conformal radiotherapy; L, local failure; PD, progressive disease; D, distant failure; NED, no evidence of disease; AWOD, alive without disease; CCreRT, re-irradiation with concurrent chemotherapy; F, female; SRT, surgery followed by radiotherapy; DOOC, died of other cause; PR, partial response.
VOLUME 50 NUMBER 4 OCTOBER 2018 1221
and flap necrosis were among the immediate complications, whereas wound fistula, pharyngeal stenosis, and scar contracture were considered delayed complications. The wound complications were more frequent in the SRT group than in the RT group (25% vs. 2.2%, p=0.001). Table 6 shows the acute and late toxicities in accordance with CTCAE ver. 4.0. There was no significant difference in the rates of overall  grade 3 acute toxicities between treatment groups (28.6% vs. 37%, p=0.271), while  grade 3 late toxicities were more frequently observed in the SRT group (20% vs. 2.2%, p=0.006). Functional defects (defined as late grade  3 dysphagia or voice alteration) were more frequently reported in the SRT group than in the RT group (16.1% vs. 2.2%, p=0.021).
In surgery group, patients were sub-classified to open surgery group and TORS group. The complications requiring surgical intervention more frequently occurred in open surgery group than TORS group. Similarly, open surgery group reported more severe treatment-related late toxicities and functional defect compared to TORS group. When comparing the function of TORS group with that of RT group, only one patient (5%) reported severe dysfunction and no signif- Table 6 . Toxicities and pharyngeal function after treatment
Values are presented as number (%). SRT, surgery followed by radiotherapy; RT, definitive radiotherapy; Open, open surgery group; TORS, trans-oral robotic surgery group; G, grade.
a) p-value was calculated between SRT group and RT group.
icant difference was noted compared to the RT group (TORS group vs. RT group, 5% vs. 2.2%, p=0.517).
Discussion
BOT cancer is a relatively rare disease, with a reported agestandardized incidence rate of 0.5/100,000 person-year in developed countries [8] , though it is the second most common primary site in oropharyngeal cancer (OPC). The prognosis of BOT cancer is worse than that of tonsillar cancer, the most common OPC [9] . However, until now, most evidence has been provided by studies of OPC, which include more cases of primary tonsillar cancer than primary BOT cancer. Several studies have reported treatment results only for BOT cancer but did not directly compare treatment outcomes between surgery and RT.
Historically, surgical treatment, which had been considered the preferred treatment, had the advantage of being able to remove the tumor curatively; however, it reportedly causes serious dysfunction and frequent loco-regional recurrence. Surgery alone is considered an appropriate treatment for early-stage disease, but treatment outcomes for locally advanced disease were not satisfactory [2, 3] . To achieve both tumor control and functional preservation, definitive RT was considered as primary treatment. Several studies reported favorable outcomes after definitive RT when compared to the historical results of primary surgery [10] [11] [12] . However, although offering better functional preservation, external beam RT alone showed poor oncologic outcomes in locally advanced stage disease [10, 13] . Consequently, to improve tumor control, several methods have been investigated, including the concurrent use of chemotherapy for radiosensitization [14] , altered daily fractionation with hyperfractionation [15] , interstitial brachytherapy, and external beam RT boost [1, 16] .
Recently, minimally-invasive transoral endoscopic surgery (TES) has made it possible to treat OPC with better functional preservation than that of traditional open approaches. Among TES approaches, transoral laser microsurgery showed excellent oncological and functional outcome in head and neck cancer [17] ; a more recent technique, TORS has demonstrated its feasibility for the removal of the tumors in oropharyngeal region [18] . In addition, the dose conformality of radiation therapy has improved and the introduction of IMRT has made it possible to deliver the higher doses needed to control gross tumors while preserving unaffected organs near the target.
Another remarkable finding in cancer biology was the report that human papillomavirus (HPV)positive OPC has a quite different etiology and prognosis from those of HPVnegative counterparts [19] .
Although not yet fully explored, HPV-associated tumors are suspected to be caused by E6 and E7 viral oncoproteins that bind to and consequently inactivate the p53 tumor suppressor gene and retinoblastoma protein (pRB), resulting in the malignant transformation of HPV-infected cells. As a result, the biology of HPV-positive tumors is distinct from that of HPV-negative tumors, featuring p16 up-regulation due to reduced negative feedback from the pRB pathway [20] [21] [22] . The better prognosis of HPVpositive tumors was noted after treatment including RT as well as surgery [23, 24] . A possible explanation for the improved survival in HPV-positive tumors after RT might be the functional TP53 presence in HPV-positive tumor, which makes the tumor more susceptible to radiation-induced apoptosis, in contrast to HPV-negative, tobacco-associated tumors [25] . The functional preservation of the pharynx and tongue is especially important for patients with HPV-positive OPCs who are expected to survive longer. However, studies on the survival and functional outcomes of BOT cancer lack data on HPV infection status. In the current study, multivariate analysis revealed that p16 expression status, in other words, HPV infection status, was the only independent factor for survival.
This study compared the treatment and functional outcomes of patients treated with definitive RT or surgery followed by adjuvant RT with modern techniques in the same institution. In addition, the HPV infection status was reported in more than half of the patients. A comparison between the two treatment groups showed that the patient and treatment characteristics did not differ significantly except for the proportion of locally advanced disease, the proportion of patients with poor performance status, the proportion of men, and the use of chemotherapy, which were higher in the RT group. The higher proportion of advanced disease and poor performance status in the RT group could be explained by the fact that curative resection is not feasible for these patients; in these cases, definitive RT might be preferred. The addition of concurrent chemotherapy to RT was proven to be superior to RT alone in the early 2000s [26, 27] ; we have used concurrent chemotherapy routinely during definitive RT with some exception (e.g., old age, medical condition, patient denial). However, the benefit of chemotherapy during adjuvant RT is not clear except for cases with adverse pathologic features [28, 29] . Therefore, patients undergoing surgery in our institution received chemotherapy only if adverse features were reported. When comparing the treatment outcomes of the two groups, there was no statistically significant difference in OS or DFS. In addition, subgroup analysis of patients with T3-4 and HPV-positive disease did not reveal any significant differences between the two treatment groups. These results suggest the possibility that RT VOLUME 50 NUMBER 4 OCTOBER 2018 1223 could be considered as the preferred treatment for patients with locally advanced stage disease expected to have severe morbidity after surgery and for patients with HPV-positive disease expected to have a favorable prognosis regardless of treatment modality. Regarding toxicities and functional outcomes, late toxicities above grade 3 occurred more frequently in the SRT group and voice alteration above grade 3 was also frequently reported in the SRT group, which implies that better functional preservation is expected by definitive RT compared to surgery, even in more advanced disease. However, when SRT group was sub-classified into open surgery group and TORS group, the wound complications, late toxicities were less frequently reported in TORS group than open surgery group, and the functional outcomes of TORS group were comparable to the RT group. Nevertheless, caution should be exercised before deriving any conclusions based on these findings, because only 20 patients underwent TORS in our cohort; among them, 16 had T1-2 disease.
Several limitations should be taken into account, stemming from the retrospective nature of this study. The major limitation was the heterogeneous radiation doses and chemotherapy regimens. The radiation doses differed considerably within both treatment groups (SRT group, 52-68.4 Gy; RT group, 63-76 Gy). Additionally, the chemotherapy schedules and regimen themselves were heterogeneous. In addition, our study cohort was relatively small, as the incidence of primary BOT cancer is low.
Despite these limitations, in the absence of a randomized controlled trial with large population of BOT cancer, this is one of the largest single-institution studies to compare patients treated with primary surgery and definitive RT treated contemporarily. The results of current study suggest that definitive RT showed no significant differences in survival, with better function when compared to surgery followed by postoperative RT, despite the fact that the proportion of patients with locally advanced stage disease was higher in the RT group. Definitive RT might be considered as a preferred primary treatment option, especially for HPVpositive patients who are expected to have a long-life expectancy or for those with locally advanced stage disease in which surgical resection may result in severe defects.
